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POLLEN SPECTRUM OF LAKE CICOTT BOG, 
CASS COUNTY, INDIANA l 
By WILLIAM M. SMITH 
This study is one of a series of investigations on fossil pollen in peat, 
carried on at Butler University during the winter and spring of 1936-37. 
To date very little work of this nature has been done in the state, and 
the importance of such research can readily be seen when one realizes 
that Indiana is vegetatively in a critical area, where great vegetations 
have moved to the north or to the south as successions controlled by 
major climatic changes, leaving as telltale records relic colonies of boreal 
plants (Friesner and Potzger, 9), but especially the more detailed account 
of their presence in fossil pollen in peat. In the northernmost tier of 
counties, remnants of boreal forests are still in existence (Deam, 5). 
Lake Cicott is one of tbe southernmost lakes in Indiana, marking the 
border between the Tipton Till Plain and the Lakes Area. It is located 
len miles west of Logansport on the north side of Highway 24 in Jefferson 
township, Cass county. 
The lake is one mile long east and west and bas an average north-south 
width of one-fourth of a mile. Its greatest depth is fifty feet. The lake 
is surrounded by sand and clay bluffs on all but the east side, so that in 
times of high water it drains into Crooked creek through an old lake bed 
lying between it and the creek. It is not fed regularly by any stream and . 
has no outlet except at flood stage. At the present time the western half 
of the basin is filled with peat, and vegetatively is in tbe sedge-meadow 
stage, controlled by Calamagrotis canadensis with colonies of Typha ,_ 
la/iloNa in depressions, and willows appearing as pioneers on the bog 
mat. Gorby (12) states that much of the land of Cass county was wet 
and swampy in its primitive state, but the soil is excellent for agriculture 
when thoroughly drained. The loamy, alluvial soil of the river bottoms 
produces immense crops in favorable years. 
METHODS 
Two sets of borings were made and these will hereafter be referred to 
as Spectrum A and Spectrum B. Spectrum A is located in the center of 
the large bog area about 350 yards west of the present lake. It records 
lThis. paper is a portion or a thesis in narti31 fulfillmenl of the rcquircmeliis for thl'" degree of 
~Ia;kr or MIs in BUller Universily. 
-l:l 
a depth of 31 feet. Ext remely diluted peat was found at the 14- tQ 18-foot. 
levels, and no samples could be obtained of these levels in Spectmm A. 
Spectrum B was taken between two high slopes on the north and south 
sides of the bog about 500 feet east of Spectrum A. Spectrum B was 29 
feet deep, with such dilute peat at the 12-, 15-, 16- and 18-foot level's 
that no samples were obtained from these levels. In both cases the peat 
ahove and helow the dilute-peat horizon consisted of a finely divided 
material. 
The method used in mounting the peat for microscopic examination 
was that described by Geisler (10). A scalpelful of peat was placed into 
a small beaker together with 6 cc. of 95 per cent alcohol and three drops 
of gentian violet stain. The peat was then stirred very gently with a 
camel's hair brush until all the particles had thoroughly separated; in 
most ca5eS this took about five minutes. Then it was allowed to settle. 
As a general rule, the beaker was placed on a tilt so tha t the soil particles 
could settle out in a concentrated mass. After the material had settled 
for about three minutes, a small amount of the surface layer of the sedi­
ment was collected in a pipette and three drops were placed on a clean 
slide. The alcohol was permitted to evaporate, and just before the 
material on the slide was dry, a drop of glycerine jelly was added and the 
two were mixed. A glass cover was then placed over the material and 
the slide was ready for examination. A preliminary examination was 
made of each mount to estimate the number of pollen grains present. 
This was done so that when the count and identifications were begun, 
it would not be necessary to make additional slides. 
Gentian violet proved to he very satisfactory stain for pollen mounted 
in this manner. In the lower levels of marl, the grains did not take the 
stain so readily, and it is suggested that more stain be used, possibly 
fOUf or five drops to 6 cc. of ·alcohol instead of three drops. However, 
near the surface of the bog it was found that two drops were sufficient. 
The variation in the amount of stain needed for good staining was prob­
a.bly due to the fact that the levels of marl were alkaline and did not take 
the stain readily, while the more acid peat near the surface took the slain 
very readily. 
A binocular microscope equipped with a 15X ocular, a 4 mm. objective 
and a mechanical stage was used. Various opinions are held as to the 
llumber of pollen grains that should be counled in order to reduce sam­
pling errors to a minimum. Godwin (11) states that counting 150 pollen 
grains irom each sample is sufficienl; Barkley (2) also supports this view. 
H 
In the present study, 200 pollen grains were cOllnted for each horizon. 
In the lower levels, however, it does not seem necessary to count 200 
grains, because only a few genera are represented and the percentage 
varies only slightly in 100- and 200-pollen-grain counts. Pollen of 
trees and shrubs only were considered. In the lower levels the pollen 
grains were not very numerous and it required as high as nine slides to 
count 200 grains. but as the depth decreased, the pollen grains increased 
in number, and from the 25- to the I8-foot levels, as a rule, one slide 
yielded 200 pollen grains. In some cases it was necessary to count only 
a portion of one slide to obtain the required number. From the I8-foot 
level to the surface the number of pollen grains per slide decreased until 
near the surface four, and sometimes five or six, slides were necessary to 
obtain 200 pollen grains. 
OBSERVATIONS 
The peat of Spectra A and B was very similar in character, and so the 
description will refer to both borings. The peat was of a dark chocolate 
color and, near the surface where disintegration was not complete. 
~phagnum could be recognized as the major component of the organic 
remains. From the lO-foot level to the layers of marl at the bottom, the 
sphagnum had decomposed to such an extent that the peat was made up 
of line particles, becoming more concentrated as the depth increased. 
Between the 13- and 19-foot levels in A, and between the 11- and B-. 
14- and I9-foot levels of Spectrum B, no samples could be obtainf'd. 
The peat above and below these levels was very dilute and loose, and 
the levels omitted very likely consisted of extremely watery peat, so 
dilute that the sleeve of the peat borer did not receive resistance enough 
from the surrounding material to permit it to open and collect a sample. 
At the 29-foot level in Spectrum A, marl appeared and continued to the 
bottom, increasing in density and sand content until at the 31-foot level 
it consisted mostly of line sand. In Spectrum B, marl appeared first in 
the 27-foot sample. and sand was reached at 29 feet. 
Dachnowski (4) states that sphagnum peat is the most common and 
one of the most important peat deposits in the United States, also that 
sphagnum forms thick strata, whose plant composition is exceedingly 
pure and homogeneous. "The sphagnum peat is usual1y quite raw, but 
decayed strata are found on regular horizons in the layers of peat bogs, 
and there are often such instances when decayed sphagnum forms the 
entire layer of the peat bog with the exception of a few bottom layers." 
This is the exact condition at the Lake Cicott bog, in which the first tell 
4.-) 

feet were raw sphagnum peat, and the horizon between here and the marl 
consisted of decayed sphagnum. A special study was also made of the 
acidity of the soil at the various levels. Readings were made with Youden 
hydrogen-ion concentration apparatus. Three readings were made from 
each level. Acidity was slight (pH 6.09), even in the top layer, and 
decreased with the increase in depth of the bog until at the lower levels 
the reaction was definitely alkaline. 
The pollen grains are well preserved, and the peat separates readily 
and uniformly with the Geisler (10) method. Figure 1 shows pollen 
counts in Spectrum A. Figures for Spectrum B are not given in this paper. 
but will be supplied upon request by the Botany Department of Butler 
University. Outstanding is the definite dominance of conifers in the 
lower levels of the bog. Picea apparently did not assume so prominent 
a part in the early vegetation in this region as it did in many other locali­
ties in our country. At Lake Cicott it never exceeded 21 per cen t in 
either of the two spectra, but Abies dominated in the forests represented 
by the lower levels. It was superceded by Pinus in the 26-foot level in 
Spectrum A, which apparently controlled the forest for many centuries. 
:\ll the symbols used for the different genera, except for Carya, Acer, 
Larix and unknowns, are the same as those used by Erdtmann (6). 
Betula, Corylus and Almus were grouped together under the symbol for 
Hetu!a, and Populus and Salix were grouped under the symbol for Salix. 
These combinations were made to relieve the congestion of lines in the 
lower percentage columns, thus making the figure less difficult to read. 
The records of the two spectra do not correlate very closely iF! the 
lower levels, neither as to species nor importance of one or the other. A 
possible explanation for this will follow later in the discussion. There is, 
however, a very close correlation in the two spectra in the Quercus-Carya 
climax from the 13-foot level to the surface. Betula, Alnus and Corylus. 
combined in Figure 1 to reduce complications, reach 30 per cent at the 
29-foot level, gradually decrease to the 26-foot level, after which they 
increase gradually to the 20-foot level. A marked decrease was noticed 
from the 20-foot level upward until at the 4-foot level they disappeared 
completely. 
Larix shows no prominence in Spectrum A, but has a creditable rep­
resentation in several levels of Spectrum B, while Thuja is outstanding 
by its absence even at levels where one would expect it as an important 
constituent in the bog forest. It is a well-known fact that the pollen of 
both of these species is extremely fragile and does not preserve well, and 
this, no doubt, explains their absence here. 
47 
Populus and Salix make their first appearance at the 22-foot level 
(Spectrum A) and remain fairly constant to the surface of the bog. 
Juglans makes its appearance at the 19-foot level and shows a gradual 
increase in percentage to the 4-foot level, after which it is slightly irregu­
lar to the surface. Ulmus appeared first in the 20-foot level, showing 3 
sudden increase in the next-foot level to 15 per cent of the total, and then 
ranging between 10.5 and 5 per cent to the surface of the bog. 
DISCUSSION 
The need for the study of fossil pollen in peat bogs in general is impor­
tant in view of the fact that it is an outstanding method of tracing the 
history of the vegetation in tempera te regions bordering on horeal for­
ests. Such work is necessary in order to understand the present·day 
vegetation of certain localities, for example, the relic colonies in different 
parts of the state and discussed in papers hy Friesner and Potzger (9). 
All the bogs studied had marl at the bottom, ranging in depth from 
2 feet to as high as 16 feet. At the Lake Cicott bog the depth of the marl 
was only 3 feet. Evermanll and Clark (8), in making soundings in Lake 
Cicott, found an abundance of Chara, which was prohably responsible 
for most of the marl deposits of the Lake Cicott hog during the stage of 
open water. 
Various methods are used to separate the pollen grains from the' peat. 
Sears (21) states that boiling the peat in a 10 per cent solution of 
potassium hydroxide and mounting in glycerine jelly is a satisfactory 
method. G. Erdtman and H. Erdtman (7) state that boiling in alkali is 
a rather severe treatment. but present a new method that seems even 
more severe, in which the peat is soaked in cold 10 per cent sodium 
hydroxide, pressed through a metal net (4 mm. mesh), acidified with 
dilute hydrochloric acid (1: 1), filtered through a Buchner funnel, dried 
on a glass plate, ground in a mortar and sifted through a 4 mm. mesh 
net. Potzger (18) objects to the use of potassium hydroxide for the 
separation of peat because of the apparent error introduced by the dis­
tortion and possible destruction of some pollen grains. The Geisler (10) 
method eliminates all of the above objections, bec3L1se it does not intro­
duce errors by distortion and breakage and perhaps total destruction of 
pollen grains, especially of the more fragile kinds. We found very few 
broken conifer pollen and even the Larix was retained quite intact. . 
The results of the acidity study are striking, in that approximately 
only the first ten feet were slightly acid, changing to neutral and then to 
alkaline as the depth of the bog increased. Kurz (15) classifies bois 
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ral and then to 
classifies bogs 
under two general types, "acid bogs" and "circumneutral bogs," accord­
ing to the prevailing reaction. He states that "one sees a definite cor­
relation between high acidity and the presence of sphagnum." The 
Lake Cicott bog is one of the "circumneutral type," in SO far as the pH 
readings are concerned. However, the raw peat near the surface is made 
up almost entirely of sphagnum. The possible explanation is that periodic 
fires have passed over the sedge meadow and have created an alkaline 
reaction on the surface of the' bog, and the seepage of the ash into the 
bog thus decreased the acidity of the peat. 
We now turn our attention to the succession of vegetation as indicated 
by the pollen record of the bog. Abies was the dominant genus at the 
lowest level in both spectra, and associated with it were Picea, Pinus 
and the Betula-Alnus-Corylus group. Abies decreased rapidly at first, 
then more gradually, and disappeared entirely above the 20-foot level. 
At no time was Picea represented as a dominant species, though both 
Picea and Pinus were more prominent in B than A. Pinus was repre­
sented at the bottom level, and held its own for the next four feet; then 
in Spectrum A a sudden increase made it the dominant species for the 
next seven levels, after which it showed a gradual decrease, but was still 
represented in the surface of the bog. In Spectrum B, however, Pinus 
suddenly decreased in the 24-foot level and never aF(ain became promi­
nent. In Spectrum A, Quercus made its first appearance one foot from 
the bottom of the bog, increased for three layers, then decreased, reacb­
ing its lowest percentage at the same level that Pinus reached its highest 
percentage. Pinus and Quercus show the same struggle for dominance 
in both spectra. Pinus decreased to a very low percentage, but was rep­
resented in every level to the surface of the bog. Pinus, however, showed 
the greatest variation of any genus represented in the two spectra. In 
Spectrum B, Pinus was represented by 48 per cent at the 20-foot level, 
while in A the highest percentage (55) was recorded at the 25-foot level. 
·Tbis variation in the two spectra may be attributed to the fact that an 
open water stage may have developed in the bog mat, and the pollen 
grains did not settle as they did in tbe other regions of the bog; or oak 
trees may have dominated that particular area near the bog, and the 
\vind currents were such that the Quercus pollen was scattered over the 
surface of the bog in that particular area in greater abundance than that 
of Pinus. After Quercus became dominant over Pinus, it continued to 
increase in its percentage and, with Carya, formed the climax to the 
surface of the bog. Oak-hickory was still the climax forest about the 
lake when civilized man appearecl on the scene. 
~n 
ros~ (22) states that, "In all the Illinois bogs under discussion, Abies 
and Picea pollen reached their maximum at the bottom of the bog and 
decreased near the svrface, the decrease' in some cases being gradual 
while in others it is abrupt. Quercus pollen was found in all bottom peat, 
and its percentage gradually increased towards the surface, the percent­
age remaining rather constant during development of the major portion 
of the bog, Pinus was found at practically all levels, and its percentage 
was rather constant in all bogs from bottom to top," The above results 
agree very closely with those found at the Lake Cicott bog, with the 
exception of Pinus, which dominated at Lake Cicott from the 26-foot to 
21-foot levels in Spectrum A and 27- to 25-foot levels in B, The pollen 
diagram showing the major species reported by Voss (22) on the Hast­
ings bog is very similar to that of the Lake Cicott bog, with the exception 
of Pinus, which becomes dominant for a time at Lake Cicott bog and doe'S 
not at the Hastings bog. 
Reporting on his studies of 28 bogs, Auer (1) states, "In the bottom 
layers of the peat bogs of southeastern Canada, Picea and Abies pollen 
appear in abundance, but a little higher up their curves drop to a mini­
mum, when the pollen of the hardwoods reach their highest value. In 
the surface parts the pollen amount of spruce trees again increases, 
whereas that of hardwood is decreasing." In Lake Cicott, the fact that 
Abies, Picea and Pinus were dominant at the lower levels, giving way to 
the hardwood genera later, agrees with Auer's findings, but the hard­
woods remain dominant to the surface at the Lake Cicott bog, while 
Picea begins to reappear and hardwoods decrease near the surface of 
the bogs studied by Auer. Houdek's (14) report on Pinus and Quercus 
in the Center lake bog correlates closely with the representation of these 
genera in the Lake Cicott bog. 
Carya made its first appearance at the 21-foot level in Spectrum A 
and at the 24-foot level in B. From there it increased gradually to the 
surface of the bog. Garya became codominant with Quercus, and togethe-r 
they formed the climax genera to the sur face of the bog, 
Tsuga was found in a total of five different levels in the two spectra 
combined, but was represented by small percentages. In the Lake Forest 
formation, Tsuga today occupies only restricted or island-like areas. It 
must be considered in the study of a particular bog that the genera rep­
resented in its spectrum must have been located comparatively close to 
the bog itself. Tsuga could have been abundant near the bog, and stilI 
not be represented to any great extent in the pollen spectrum. The fact 
that its pollen disintegrates readily and its peculiar disjunct distribution 
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in the Lake Forest area would make one anticipate a low representation 
in most pollen spectra. Larix first appeared in the 30-foot level and was 
found in every level from this point to the surface of tbe bog. However, 
it did not playa prominent part in the pollen spectrum at any time, 
Thuja was identified in the 20- and 21-foot levels in Spectrum A, but 
in only a srnall percentage. It was not found in Spectrum B. Sears (21) 
states tbat, "Thuja breaks down quickly when wet." This probably 
accounts for the low Thuja-content of the bog. and may also account for 
the small representation of Larix pollen, for both of these genera are 
dominant of later-stage bog forests. Hessler (13) first visited the regions 
near Lake Cicott in 1894, and reported Thuja and Larix bogs thirty-five 
miles north of Lake Cicott. It is common knowledge that the bogs of 
northern Indiana had both Thuja and Larix present until cultural 
influences, such as drainage, have changed the environment to such an 
extent that the bog vegetations are rapidly decreasing. Potzger (17), 
reporting on the post-Pleistocene fossil records of peat in Henry county, 
states, "The logs are to all appearances remains of Thuja and Larix," 
and tha.t, "Indications are that they represent the remains of a former 
cedar-tamarack bog in the valley." 
Acer came in first at the 13-foot level in Spectrum A and at tbe 7-foot 
level in B, continuing from these levels to the surface, but the percent­
ages were very low. Fagus, too, played only a minor part in the pollen 
spectrum of the bog, appearing in only three levels, with a very low 
percentage, and in order to minimize complexity it is excluded from the 
graph. Fagus and Acer apparently never played a prominent part in 
the forest of that section of Cass county, and so tbe low pollen repre­
sentation in the peat presents a true picture of the actual status of these 
two genera. 
Powell (20) states that when the settlers entered Cass county they 
found an abundance of hardwood trees, but does not mention maple. 
Beech was reported by the early settlers of the county; Hessler (13) 
reports that Fagus was present in Cass county. but scattered, and thar 
there were very few beech trees in the vicinity of Lake Cicott. 
Indiana is still in a critical state of vegetative development: in the 
most favored areas, beech and maple are the climax species, but, taking 
the sta.te as a whole, there are no doubt more oak-hickory forests than 
there are beech-maple. Potzger (19), investigating the relation between 
topography and forest types in Monroe county, finds that the forest 
type of any region may vary decidedly within a very short distance. 
where topographic changes are abrupt. He states: "The striking feature 
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of all these uplands is the dual climax aspect. The north-facing slopes 
are mixed hardwoods with a strong tendency Lo beech-maple, while the 
south-facing slopes are oak-hickory. The controlling factor in this dis­
tribution of forest types is probably an edaphic one, chief of which is 
evidently soil moisture, influenced by difference in insolation and depth 
of soil." Lake Cicott is deeply sunken, and the land surrounding the 
lake is elevated approximately 60 feet and consists of sand and clay ridges. 
These features, along with edaphic factors, are the possible reasons for 
the presence of oak and hickory and the absence of beech and maple in 
the immediate vicinity of the lake. Voss (22), investigating bogs of 
northern Illinois, reports practically the same conditions, with neither 
beech nor maple playing an important part in the pollen spectrum of the 
bogs studied. Houdek (14), reporting on two northern Indiana bogs, 
does not list AceI' at all, but his records show Fagus in almost every fOOL­
level of both bogs studied, 12 per cent being the highest representation 
at anyone level, but ranging much lower in most levels: usually from 
3 to 8 per cent. 
While Ulmus, ]uglans and Populus indicate moderating climate, they 
only represent a transitional complex of the deciduous forest, a gradual 
filling in of wet lowlands. '\Then the lower levels of peat were being 
deposited at Lake Cicott, the climate was probably comparable to the 
present outposts of forests in Alaska, gradually moderating to the type 
of climate now present in Canada, and the period shown on the spectra 
by the dominance of Pinus probably indicates a climate similar to that 
of our lakes region today, with Abies and Picea limited to bogs. The 
short dominance of Abies apparently indicates a rapidly moderating 
climate until it had become comparable to our present climate, and Lhe 
decreasing conifer representation indicates relic conditions. 
Populus and Salix grouped together appeared first at the 22- and· 
24-foot levels respectively. The percentages of these genera in the two' 
spectra were very similar. Ulmus, also, shows a marked similarity in 
both spectra, appearing first at the 24-foot level in B and the 20-foot level 
in A. ]uglans appears first at the 22-foot level in B, three levels earlier 
than in Spectrum A, its percentage of representation ranging from 1 to 
4.5 in the different levels, and appearing in each level from the depth 
of its first appearance to the surface. 
In general, we might say that the majority of the broad-leaved species 
appear a few levels sooner in B than in A, which apparently supports 
the explanation that the deeper depression (Spectrum A) filled in earlier 
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and more uniformly, thus presenting a truer picture of the successional 
a.nd climatic changes than Spectrum B. 
In spite of variations, both spectra show an Abies-Picea climax in the 
lower levels, displacement by Pinus, an ultimate Quercus-Carya. climax, 
with Pinus persisting as relic to the one-foot level. 
SUMMARY 
1. A Canadian type of coniferous forest is indica ted in the lowest 
levels of Lake Cicott bog. 
2. Abies-Picea dominance persisted for a period represented by the 
lowest three levels of the spectrum. 
3. Pinus-Betula-Quercus of the 29-foot level is superceded by Pinus. 
4, Pinus dominates the 26- to 22-foot levels, after which it gives way 
rapidly to Betula-Quercus. 
S. Quercus and Quercus-Carya dominate from the 19- to the l-foot 
levels, and Quercus-Carya forest covered the region ahout Like Cicott 
when civilized man moved in. 
6. The order of disappearance of conifers is Abies, Picea, Pinus, the 
latter persisting as rrlic to the l-fool level, hut was not present when 
settlers moved in. 
7. The low representation of Thuja, Larix and Tsuga is attrihuted to 
instability of the pollen of these specirs. 
8. Moderating climate is also indicated hy such lowland species as 
ulmus and Juglans. 
9. The Lake Cicott hog indicates the following forest succession: 
Abies-Picea. Pinus and deciduous forests, of which Quercus and Carya 
formed the climax, with Ulmus and Juglans the subclimax. 
The writer expresses his sincere thanks to Dr. J. E. Potzger, under 
whose supervision this research was carried out, for his numerous sug­
gestions and critical reading of the manuscript. 
I am also very grateful to Dr. R. C. Friesner for the suggestion of the 
problem and for his aid in preparing the copy; to Dr. Paul B. Sears for 
his aid in identification of some of the polleu grains, and to Dr. Robert 
Hessler for information on the early floristic record of tbe area. I am also 
grateful to Dr. Polzger, Dr. Friesner, Robert Prettyman, Frank Hamp, 
Matthew Harmon, Robert Kent and Jean Barnett for their aid in boring 
the peat. 
:l::J 
UTERATURE CITED 
I.	 AVER, V. Some problems of peat investigations in Canada. Canadian Geo!. Sur­
vey. Summary Reporl. Part C. 1927. 
2.	 BARKLEY, F. A. Tbe statistical theory of pollen analysis. Ecology 15:283-289. 
1934. 
3.	 BENEDICT, A. C., and M. M. ELROD. A partial list of the flora of Wabash and Cas~ 
counties, Indiana. Indiana Dept. Geo!. and Nat. Res. 17th Report. 26-2i2. 1891. 
4.	 DASHNaW SKI-STOKES, A. P., and V. AUER. American peat deposits. Handbuch 
der Moor Kunde Bd. 7. 1933. 
5.	 DtAM, CHARLES C. Flora of Indiana: On the distribution of the ferns, fern allie;, 
and flowering plants. Indiana Acad. Sci. Proc. 23:39-53. 1923. 
6.	 EROTMAN, G. Boreal forests and the theory of pollen statistics. Jour. Eco!. 
19:158-163. 1931. 
i.	 ERDTMAN, G., and H. ERDT.MAN. The importance of pollen analysis technique. 
Sv. Bot. Tids. 27:347-357. 1933. 
8.	 EVER..MANN, BARTON W., and H. W. CLARK. Lake Cicolt, Indiana, and notes on 
its flora and fauna. Proc. Bio!. Soc. Washington 21 :213-218. 1908. 
9.	 FRIESNER, RAY C., and J. E. POTZCER. Studies in forest ecology. Buller Univ. 
Bot. Stud. 2:135-150. 1932. 
10.	 GnsLER, FLORENCE. A new method for separation of fossil pollen from peal. 
Butler Univ. Bot. StUd. 3:141-146. 1935. 
I!.	 GODWIN, H. Pollen analysis. An outline of the problems and potentialities of the 
method. BoL. School, Cambridge 33 (4). 1934. 
12.	 GORBY, S. S. Indiana Dept. Geo!. Nat. Res. 19th Annual Report. 1894. 
13.	 HESSLER, ROBERT. Notes on the flora of Lakes Cicott and Maxinkuckee. Indiana 
Acad. Sci. Proc. 6:116-]29. 1896. 
14.	 HOUDEK, PAIJL K. Pollen statistics from two Indiana bo!(s. Indiana Acad. Sci. 
Proc. 42: 73-77. 1932. 
IS.	 KURZ, HERMAN. Influence of Sphagnum and other mosses on bog reactions. 
Ecology 9:56-69. 1928. 
16.	 NICHOLS, G. E. Tbe hemlock-white pine-northern hardwood region of eastern 
North America. Ecology 16:403-422. 1935. 
17.	 POTZCF.R, J. E. Post-Pleistocene fossil records in peat of the upper Blue river 
valley, Henry county, Indiana. Indiana Acad. Sci. Pree. 45:65-68. 1936. 
18.	 -- Succe~ion of forests as indicated by fo~il pollen from a northern Michigan 
bog. Sci. 75:366. t932. 
19.	 -- Topography and forest types in a central Indiana region. Amer. Midland 
NaL. 16:212-229. 1935. 
20.	 POwtLL, JE:HU Z. History of Cass county, Indiana. 1913. 
21.	 SEARS, PAUL B. Common fossil pollen in the Erie basin. Bot. Gaz. 89:95-106. 
1930. 
22.	 Voss, J OI'IN. Postglacial migration of forests in Illinois, Wisconsin and Minne­
sota. Bot. Gaz. 96:3-43. 1934. 
;')01 
POLLEN 8 
NE 
This paper is on! 
Botany Departmen 
from a number of 
One of these is Cr 
The modern 110r­
ous forest. Inters 
numerous relic co 
colonies are of tW( 
and boreal relics Q 
concerned, only thf. 
importance. These 
C1nd arbor vitre. It 
is farth north of I 
found in the state. 
their modern range 
!loral aspect. Perh 
plants, were once t 
ciations which we 111 
is the hypothesis tl 
series of fossil poll 
[n the present s 
tree pollen, not ani 
because of its abunl 
to past climates an 
According to 
"hiomr.," which r 
writer's opinion, t 
soil formation m<l) 
'Thi..; papf"r b ... por 
Ma<ler of ,\rt' ill fllllier 
